Six new sterols (1-6), together with seven known sterols (7-13), were isolated from the CCl 4 extract of the marine bryozoan Cryptosula pallasiana, four (3-6) of which have already been reported as synthetic sterols. This is the first time that these compounds (3-6) are reported as natural sterols. The structures of the new compounds were determined on the basis of the extensive spectroscopic analysis, including two-dimensional (2D) NMR and HR-ESI-MS data. Compounds 1-4, 7 and 10-13 were evaluated for their cytotoxicity against HL-60 human myeloid leukemia cell line, and all of the evaluated compounds exhibited moderate cytotoxicity to HL-60 cells with a range of IC 50 values from 14.73 to 22.11 µg/mL except for compounds 12 and 13.
Introduction
Marine bryozoans are well known producers of bioactive secondary metabolites and important marine drug sources due to their remarkable antineoplastic activity [1] . Bryostatins isolated from the marine bryozoans Bugula neritina are a well known example [2] . Other bioactive secondary metabolities from marine bryozoans include alkaloids, sterols, as well as heteratom-containing compounds, which showed remarkable activities on tumor cell lines, such as murine lymphocytic leukemia P388, human myeloid leukemia HL-60, human leukemia U937, human hepatocellular liver carcinoma HepG2, etc. [3] [4] [5] [6] . In our previous studies focused on B. neritina, a new antineoplastic macrolide, bryostatin 19, two ceramides and four cerebrosides, as well as a series of sterols were isolated from this bryozoan [5] [6] [7] [8] . In the course of our ongoing investigations toward the isolation of biologically active secondary metabolites from marine bryozoans, Cryptosula pallasiana was investigated, another genus of marine bryozoans, collected from the coast of Huang Island in Qingdao City, Shandong Province of China. Herein, we report the isolation and structure identification of six new sterols (1) (2) (3) (4) (5) (6) and seven known sterols (7) (8) (9) (10) (11) (12) (13) , four (3-6) of which have already been reported as synthetic sterols [9] [10] [11] . This is the first time that these compounds (3) (4) (5) (6) are reported as natural sterols. In addition, the cytotoxicity of the oxygenated sterols 1-4, 7 and 10-13 against HL-60 human myeloid leukemia cell line is also described. 
Results and Discussion
The CCl 4 extract (12.9 g) of the marine bryozoan C. pallasiana was fractionated by Sephadex LH-20 chromatography to afford three major fractions (Frs. A-C). Fr. A (5.66 g) was further subjected to column chromatography (CC) over reversed-phase silica gel column (RP-18) and normal silica gel column, respectively, and then further purified by reverse semi-preparation HPLC to yield compounds 1-13 ( Figure 1 ). in the EI-MS spectrum of 1. Based on the above analysis, the plane structure of 1 was determined ( Figure 1 ). In the NOESY experiment, both H-3 and H-6 correlated with H-4α (δ H 2.28, m), indicating the β-orientation of the hydroxyl group on C-3 ( Figure 2 ), which was confirmed by the chemical shift of C-3 (δ C 71.9 > 70.0) [13] . After mapping all of the signals for each moiety by careful inspection of the 1D and 2D NMR spectra, compound 1 was unambiguously assigned as (23E)-25-methoxy-cholesta-5,23-dien-3β-ol. Sterol 1, not reported previously in the literature, is a new sterol with trans-double bonds between C-23 and C-24, together with a methoxy group at C-25 in the side chain. 13 C NMR spectra of 3 with those of 2 revealed that they shared the same 3β-hydroxy, 7β-methoxy Δ 5 -steroid nucleus but differed in the side chain. Compound 3 was finally assigned as 7β-methoxy-cholest-5-en-3β-ol due to the missing trans-double bonds between C-22 and C-23 in the 13 C NMR spectrum by comparison with 2. Compound 3 has been reported as a synthetic sterol with effective inhibition of cholesterol acyltransferase (ACAT) [9] and is reported here as a natural product for the first time. Another two stereoisomeric sterols, 5 and 6, were isolated as white amorphous powder, and were analyzed to share the same molecular formula of C 27 C NMR data of 5 and 6 agreed with those of cholesta-5,25-diene-3β,24ξ-diol from red alga Galaxaura marginata [14] . Although, the configuration at C-24 was hard to determine due to the small difference in the chemical shift of C-24 in the 13 C NMR spectrum between S and R epimers (Table 2) , compound 5 was finally assigned as 24(R)-cholesta-5,25-diene-3β,24-diol due to no correlation between H-24 and H-20β in the NOESY experiment, whereas, the presence of H-24 correlated with H-20β in 6 confirmed the correct configuration of C-24 in 5. Furthermore, the results were confirmed by the 1 H NMR data of 5 and 6, consistent with the same synthetic sterols reported earlier [11] . Accordingly, 6 was assigned to be 24(S)-cholesta-5,25-diene-3β,24-diol. 5 and 6 as stereoisomeric sterols were isolated from a natural origin for the first time. Comparing their MS and NMR data with those reported in the literature, the known sterols were identified as (23Z)-cholesta-5,23-diene-3β,25-diol (7) [15] , cholest-5-ene-3β,7β-diol (8) [16] , cholest-5-ene-3β,7α-diol (9) [16] , (22E)-3β-hydroxy-24-norcholesta-5,22-dien-7-one (10) [16] , (22E)-3β-hydroxycholesta-5,22-dien-7-one (11) [16] , 3β-hydroxycholest-5-en-7-one (12) [16] and (4E,22E)-12β-hydroxy-24-norcholesta-1,4,22-trien-3-one (13) [17] , respectively. The cis-double bonds between C-23 and C-24, together with an oxygenated hydroxyl group at C-25 in the side chain of 7 is scarce in natural sterols. Sterols 8-12 were previously isolated from two marine sponges Cliona copiosa [16] and Stelodoryx chlorophylla [18] , and sterols 8-9 were also isolated from a soft coral Dendronephthya gigantean [19] and a marine bryozoan Biflustra grandicella [20] . Compound 13 was a highly functionalized C 26 steroid Δ 1,4 -dien-3-one with 12β oxygen function, which is a rare structural feature among sterols and has been isolated from soft coral Gersemia rubiformis [17] . However, all of the known sterols were isolated for the first time from this species. Compounds 1-4, 7 and 10-13 were evaluated for their cytotoxicity against HL-60 human myeloid leukemia cells in vitro, using a MTT assay method. The results of their cytotoxicity are shown in Table  3 The present chemical study of the marine bryozoan C. pallasiana resulted in the isolation and characterization of six new sterols (1-6) and seven known sterols (7-13), four (3-6) of which have already been reported as synthetic sterols [9] [10] [11] . This is the first time that they (3-6) are reported as natural sterols. The structures of these new compounds are notable for the following viewpoints of natural product chemistry. Sterol 1, not reported previously in the literature, is characterized by an oxygenated methoxy group at C-25 in the side chain. In the nucleus of 2 and 3, the 7β methoxy group is a rare feature and first encountered among natural sterols. Compound 4 is specific in carbonylation at C-25 accompanied by a loss of a methyl group in the side chain. Sterols 5 and 6 are stereoisomeric with the C-24 with hydroxyl group in the side chain, which are reported as a natural source for the first time.
Experimental Section

General Experimental Procedures
Optical rotations were measured on a Perkin-Elmer 343 polarimeter. 1D and 2D NMR spectra experiments were measured in CDCl 3 on a Bruker AVANCE-500 spectrometer, with TMS as an internal standard. Chemical shifts (δ) were expressed in ppm and coupling constants in Hz. EI-MS spectra were obtained on a MAT212 mass spectrometer; ESI-MS and HR-ESI-MS spectra were taken on a Micromass Quattro mass spectrometer. Separation and purification were performed by CC on silica gel H (1040 m, Qingdao Marine Chemical Inc., Qingdao, China), Sephadex LH-20 (Pharmacia Inc., New Jersey, USA), reversed-phase Si gel (Lichroprep RP-18, 40-63 m, Merck Inc., Darmstadt, Germany). HPLC was carried out on a Dionex P680 liquid chromatograph equipped with a UV 170 UV/Vis detector at 206 nm using a YMC-Pack R﹠D ODS-A column (250  20 mm i.d., 5 m, YMC, Kyoto, Japan) for semi-preparation and a Thermo ODS-2 column (250  4.6 mm i.d., 5 m, Thermo Hypersi-Keystone Inc., Bellefonte, U.S.A.) for analysis. TLC detection was achieved by spraying the silica gel plates (Qingdao Marine Chemical Inc., Qingdao, China) with 20% H 2 SO 4 followed by heating.
Animal Material
The samples of marine bryozoan Cryptosula pallasiana were collected in March 2009 from Huang Island, Qingdao City, Shandong Province of China, and were identified by one of the authors (Prof. H.-W. Lin). A voucher specimen (No: QD-0903-1) was deposited in Marine Laboratory, Changzheng Hospital, Second Military Medical University.
Extraction and Isolation
Fresh samples of Cryptosula pallasiana (about 20 kg) were extracted with 95% EtOH at ambient temperature. The concentrated aqueous solution was extracted with EtOAc. Then, the extract was partitioned between 90% aqueous MeOH and petroleum ether. The MeOH solution was adjusted to 80% aqueous MeOH and extracted with CCl 4 . The CCl 4 fraction (12.9 g) was subjected to column chromatography (CC) on Sephadex LH-20 with CHCl 3 /MeOH (1:1) as eluting solvent to afford three fractions (Frs. AC) based on TLC analysis (developed by petroleum ether/EtOH, 5:1). Fr. A (5.66 g) was subjected to CC on reversed-phase silica gel column eluting with MeOH/H 2 O (80:20 to 100:0) gradient to give two major fractions A 1 (2.44 g) and A 2 (3.18 g). Fr. A 2 was submitted to CC over silica gel eluting with petroleum ether/EtOAc (15:1, 10:1, 5:1, 1:1) gradient to give 12 major fractions (Frs. A 2 -1A 2 -12). Fr. A 2 -7 (238.9 mg) was eluted with CHCl 3 /MeOH (1:1) on Sephadex LH-20 and then further purified by semi-preparative HPLC to afford 1 (6.0 mg, t R = 97.7 min), 5 (12.0 mg, t R = 34.0 min), 6 (11.2 mg, t R = 35.6 min) and 7 (11.4 mg, t R = 38.4 min), using MeOH/H 2 O (87:13) as the mobile phase at a flow rate of 8.0 mL/min. Fr. Each sample (1-2 mg) was dissolved in a mixture of 2 mL CHCl 3 and anhydrous acetic acid (1:1), then a few drops of concentrated sulfuric acid was added and mixed cautiously. The appearance of a green color indicated the presence of sterol. 
MTT Cytotoxicity Assays
The cytotoxicity of compounds 1-4, 7 and 10-13 were evaluated against HL-60 cancer cell line by microculture tetrazolium (MTT) assay [21] . The cells were obtained from American Type Culture Collection (ATCC), and maintained in RPMI 1640 medium (Gibco, Invitrogen Co., USA) containing 10% fetal bovine serum (Gibco, Invitrogen Co., USA) supplemented with 100 U/mL penicillin, and 100 U/mL streptomycin. The leukemia cells were washed and re-suspended in the above medium to 1 × 10 5 cells/mL. 2 mL of this cell suspension was placed into 96-well microculture plates and allowed to adhere in 5% CO 2 /air for 24 h at 37 °C before drug addition. 20 µL of DMSO solution containing the sample was added to give the various concentrations in triplicate for 72 h, with adriamycin (Sigma) as positive control. After the incubation, 20 µL of MTT solution (5 mg/mL) was added to each well, and the incubation continued for 4 h at 37 °C. Then, 150 µL of DMSO solution was added to each well, and the formazan crystals in each well were dissolved by stirring with a pipette. The optical density (OD) was read on a plate reader on an ELISA reader (MK3, USA) at a wavelength of 570 nm. Each assay was done in triplicate, and inhibition was expressed as IC 50 value, which stands for inhibition of cell growth by 50%.
